Some avian species incorporate aromatic plants to their nests. The "nest protection hypothesis", which posits that volatile secondary compounds contained in these plants may have antiparasite properties, has not received full support. All previous tests of this hypothesis have only considered effects on nestdwelling ectoparasites, but not on blood-sucking flies. The "drug hypothesis" posits that aromatic plants may stimulate nestling immune system, development, or condition. We tested these hypotheses experimentally in wild blue tits Cyanistes caeruleus, a species that adds aromatic plants to their nests. We supplemented aromatic plants to half of a sample of nests, while adding grass to the other half of nests. We quantified abundance of two groups of blood-sucking flies (blackflies and biting midges) at two different stages of the reproductive period, and abundance of three nest-dwelling ectoparasites (fleas, mites, and blowflies). Experimental supplementation of aromatic plants reduced abundance of fleas only in nests of yearling females and not in nests of older females. Blackflies and biting midges were both more numerous in nests of yearling females than in nests of older females. Mass of aromatic plants added by females was negatively related with abundance of fleas in control nests but not in experimental nests supplied with aromatic plants. Mass of plants added by females was also positively related with abundance of blackflies during the nestling stage. Finally, aromatic plants did not affect nestling growth or immune responses. We conclude that several factors such as female experience and their ability to add plants to the nest interact to explain effects of aromatic plants on different parasites.
Introduction
Some avian species, from raptors to passerines, incorporate pieces of fresh, aromatic plants in their nests during different phases of the breeding cycle (e.g. Clark and Mason, 1985; Wimberger, 1984) , a behaviour that has long puzzled biologists (e.g. Bucher, 1988; Rheinwald, 1972; Taverner, 1933) and is still the focus of intense debate (e.g. Mennerat et al., 2009a; Veiga et al., 2006) . Among the many hypotheses to explain the functional significance of this behaviour, three non-mutually exclusive hypotheses have captured the most attention by researchers. The courtship hypothesis posits that birds bring aromatic plants to the nest as a sexual display (e.g. Brouwer and Komdeur, 2004; Fauth et al., 1991; Veiga et al., 2006) . The nest protection hypothesis posits that birds bring aromatic plants to the nest because of the volatile secondary compounds contained in plants, which may have antiparasite properties (e.g. Clark, 1991; Shutler and Campbell, 2007; Wimberger, 1984) . The observation that experimental supplementation of aromatic plants did not affect nest-dwelling ectoparasites but improved nestling mass and haematocrit prompted the drug hypothesis, which posits that aromatic plants may directly stimulate nestling immune system, development, or condition (Gwinner et al., 2000) .
Overall, functional significance of addition of aromatic plants to nests is not fully understood, and it may well be that it serves different functions depending upon species. In European starlings (Sturnus vulgaris) and spotless starlings (Sturnus unicolor), green plants are brought to nests by males mainly during courtship (Clark and Mason, 1985; Gwinner, 1997; Veiga et al., 2006) . Clark and Mason (1988) suggested an effect of addition of aromatic plants in reducing ectoparasitic mite loads in starling nests. However, most other studies carried out afterwards on starlings have failed to find any effect of aromatic plants on nest-dwelling ectoparasites, including not only mites (Brouwer and Komdeur, 2004; Fauth et al., 1991; Gwinner and Berger, 2005; Gwinner et al., 2000) , but also lice and fleas (Gwinner et al., 2000) . To date, most evidence from studies carried out on starlings is in accordance with the courtship hypothesis (e.g. Brouwer and Komdeur, 2004; Gwinner, 1997; Polo et al., 2004; Veiga et al., 2006) .
In blue tit (Cyanistes caeruleus) nests, aromatic plants are incorporated by females (Banbura et al., 1995; Cowie and Hinsley, 1988) . Different plant species are selected based on individual preferences (Mennerat et al., 2009b) . Females start bringing aromatic plants from the time nest cup is finished, and may keep adding aromatic plants up to first days after hatching (authors, pers. obs., see also Banbura et al., 1995; Cowie and Hinsley, 1988) and, in some populations, even until nestlings are ready to fledge (Lambrechts and Dos Santos, 2000; Mennerat et al., 2009a) . In experimental studies, Mennerat et al. (2008) failed to find any effect of aromatic plants on blowfly parasitism, while improved nestling growth was found in certain years or in experimentally enlarged broods after removing nest-dwelling ectoparasites (Mennerat et al., 2009a) . Thus, evidence up to date on blue tits appears to support the drug hypothesis, although a mechanism underlying such benefits was recently suggested. Mennerat et al. (2009c) showed that experimental supplementation of aromatic plants reduces abundance and diversity of the bacterial community living on skin and feathers of nestlings.
The nest protection hypothesis has also been tested in different avian species. For example, in Bonelli's eagles (Aquila fasciatus), adults carry large amounts of green material (mainly from pines) to their nests, and its abundance correlates negatively with abundance of blowfly larvae in nests (Ontiveros et al., 2008) . By contrast, studies on a species that does not incorporate aromatic plants to the nest, the tree swallow Tachycineta bicolor, found either an increase (Dawson, 2004) or a reduction (Shutler and Campbell, 2007) in abundance of fleas, after experimentally adding aromatic plants to their nests. Finally, Dawson (2004) did not find any effect of addition of aromatic plants on blowfly abundances in tree swallow nests.
Incongruent results obtained for the nest protection hypothesis could be due to unobserved parasites, and blood-sucking flies have been repeatedly suggested as a candidate target for this behaviour (Dawson, 2004; Lafuma et al., 2001; Mennerat et al., 2008; Wimberger, 1984) . To our knowledge, the only attempt to formally test this possibility comes from a laboratory experiment with caged domestic chicks, where Lafuma et al. (2001) showed that a mixture of aromatic plants appeared to repel Culex pipiens mosquitoes from taking a blood meal. However, whether addition of aromatic plants to avian nests has a repellent effect against blood-sucking flies under natural conditions remains currently unexplored. Moreover, wild birds appear to be challenged more often by blood-sucking flies other than mosquitoes, namely biting midges and blackflies (Malmqvist et al., 2004; Martínez-de la Puente et al., 2009a; Mellor et al., 2000; Tomás et al., 2008a; Votý pka et al., 2009) . Indeed, if aromatic plants reduced abundance of these blood-sucking flies, it could explain why Gwinner et al. (2000) and Mennerat et al. (2009a) found no effect on nest-dwelling ectoparasites after experimental supplementation of aromatic plants, but did find improved nestling mass gain and haematocrit. Blood-sucking flies could mediate those associations, because they can impair nestling condition (Martínez-de la Puente et al., 2010; Tomás et al., 2008b) .
The aim of this study was to test two non-mutually exclusive hypotheses to explain addition of aromatic plants in avian nests: the nest protection hypothesis (Clark and Mason, 1985; Wimberger, 1984) and the drug hypothesis (Gwinner et al., 2000) . According to the nest protection hypothesis, we expected that by experimentally supplementing aromatic plants in blue tit nests, abundance of parasites would be reduced. We recorded abundance of blood-sucking flies (biting midges and blackflies) during incubation and during nestling period. Aromatic plants may protect incubating females from these insects (e.g. Banbura et al., 1995; Cowie and Hinsley, 1988) , though to our knowledge this hypothesis has never been tested before. We also recorded abundance of three nest-dwelling ectoparasites (mites, fleas, and blowflies) and a parasitoid of blowflies. Blowflies suck blood only as larvae, while parasitoids affect blowfly pupae (i.e. the next stage), and both complete a single generation during the nestling period. Attracting parasitoids may thus be adaptive if blue tits raise a second brood in the same (or a nearby) nest, because both insects show limited dispersal distances and can produce a second generation in second broods of hosts Whitworth, 1991, 1992; Whiting, 1967) . Blue tits in our population do not raise second broods, but second broods have been reported in 48% of blue tit populations studied, involving up to 38% of breeding pairs (Fargallo, 2004) . We expected that if addition of aromatic plants in nests functions to attract this parasitoid, nests experimentally supplemented with aromatic plants would show larger abundances of this parasitoid (see Dawson, 2004) , something that has not been tested before.
According to the drug hypothesis, we expected that by experimentally supplementing aromatic plants in nests, growth and/or immune response of nestlings would be enhanced, independently of parasites loads in nests, i.e. without affecting parasite abundances.
Materials and methods

Study species and area
The blue tit C. caeruleus is a small (10-12-g) hole-nesting passerine that is common in mixed and deciduous forests throughout the Western Palaearctic (Cramp and Perrins, 1998) 
Field and experimental protocols
Nest-boxes were inspected every third day from the first week of April. Once a tit nest (both great tits Parus major and blue tits in our study area build similar nests; Moreno et al., 2009 ) was found finished (cup-shaped and covered with lining materials), it was alternately assigned to either the aromatic plants group (hereafter aromatic nests) or to the control group (hereafter control nests). Later exclusion of great tit nests, together with a few failed or deserted nests, explains unequal sample sizes between treatments. Every third day, we spread 0.5 g of aromatic plants (species information given below) on the nest rim in "aromatic nests", whereas we spread 0.5 g of grass in "control nests". This amount is within the range of natural variation in the population (authors unpublished data). Addition of grass in control nests matched the sudden appearance of new plants on the nest rim that might disturb the birds. In both groups, plant fragments of similar size to those added by blue tits were harvested from several cultured plants prior to deposition in nests. Two plant species were chosen for the aromatic group: Lavandula stoechas (0.25 g) and Santolina chamaecyparissus (0.25 g). Selection of these species was made according to previous observations of plants incorporated by blue tits in our population and a review of literature of green plant addition in other areas (Lambrechts and Dos Santos, 2000; Petit et al., 2002; Polo et al., 2004) . Comparing four selected plant species that blue tits bring to their nests, L. stoechas showed the larger effect in repelling mosquitoes from taking a blood meal from domestic chicks in a laboratory experiment (Lafuma et al., 2001) . Every third day, nests were visited and any plant fragments added by blue tits were carefully collected in bags, allowed to dry, and weighed to the nearest 0.001 g to obtain total dry mass of aromatic plants added by birds per nest (hereafter mass of plants) that was included in analyses. In every visit, we removed previous supplemented plants present in the nest, and we delivered 0.5 g of fresh plant fragments. Plant fragments can dry out after a couple of days in the nest (Lambrechts and Dos Santos, 2000) , so by replacing them every third day we assume that aromatic plants should have been effective for most of the time that the experiment lasted. We supplemented plants every third day until egg hatching, which was determined through daily inspections of nests around expected hatching date (previous visits allowed us to determine laying dates (1 = 1 April) and clutch sizes). The last plant supplementation took place with newly born nestlings, either at day 0 (hatching date of the first egg), day 1, or day 2 post-hatching, and presumably their effects lasted, accordingly, at least up to 3-5 days post-hatching. Gwinner and Berger (2005) showed that plant volatile compounds are traceable in the nestbox air environment even several weeks after plant deposition. Overall, experimental plants were supplemented to nests 10.4 times on average (range 8-13), extended during a period of 31.3 days on average (range 24-39).
Parasite quantification
Blood-sucking flies belonging to the families Ceratopogonidae (biting midges, Culicoides spp., Martínez-de la Puente et al., 2009b) and Simuliidae (blackflies) were sampled twice, during incubation and during nestling-rearing period (three consecutive days in each period). Flies were sampled with a plastic Petri dish covered with commercially available body gel-oil where insects become glued placed inside and close to the roof of nestboxes as described in Tomás et al. (2008a) . The Petri dish was supported on a wire netting, thus preventing any contact between gel-oil and birds (see Tomás et al., 2008a) . During the incubation period devices were placed in nestboxes five days before expected hatching date and removed three days later, whereas during the nestling rearing period devices were placed from day 10 until day 13 of nestling age. After removal, Petri dishes were transported in cool boxes to the laboratory and stored frozen until examination under a binocular lens for fly quantification.
Just after nestlings fledged, i.e. 20 days post-hatching (blue tits fledge at 16-22 days of age), we carefully collected the nests and any nest debris from nestboxes in individually labelled sealed plastic bags and stored them at 4
• C until we examined them for nest-dwelling ectoparasites. Within a month of collection, nests were defaunated in Berlese funnels for 24 h, under constant temperature and illumination conditions provided by a lamp placed above nests (see Tomás et al., 2007) . This approach is one of the most rigorous for counting some nest-dwelling ectoparasites such as mites (Proctor and Owens, 2000) . Small nest ectoparasites (mites Dermanyssus gallinoides and fleas Ceratophyllus gallinae) were collected in vials containing 70% ethanol and counted under a binocular microscope as described in Merino and Potti (1995) . Abundance of Nasonia vitripennis, a tiny pteromalid parasitoid wasp of blowflies Protocalliphora azurea was also estimated from Berlese counts. We assumed that obtained abundances of this parasitoid may be underestimates of real abundances due to the quantification method, but it is very likely that both measures are correlated. We then carefully dismantled the nests in search of blowfly pupae, larvae, or its parasitoids, as well as mites, fleas, or other ectoparasites not obtained by this method (see Merino and Potti, 1995) .
Female and nestling measurements and nestling immune response estimation
Female blue tits were trapped in nestboxes twice, when they were feeding 3 and 13-days-old nestlings. Birds were aged as yearlings or older (adults hereafter) according to plumage characteristics (Svensson, 1992) and ringed with numbered aluminium rings if they were not already ringed (ringing permit by regional authorities). They were weighed with a field precision balance (±0.1 g, Pocket-240; Gram Precision, Barcelona, Spain) on both captures, and their tarsus length was measured with a digital caliper (±0.01 mm) on their second capture. We used mass/tarsus length, as an index of female body condition. Number of nestlings was counted on both visits.
At 12 days of age, three nestlings chosen at random from each nest were subjected to the single-wing phytohaemagglutinin (PHA) assay (e.g. Merino et al., 1999; Smits et al., 1999) to estimate their cell mediated immunocompetence (see Martin et al., 2006) . PHA skin test is routinely used in studies of avian immunocompetence and a detailed study by Merino et al. (1999) found no adverse effects of PHA injection on several haematological parameters including physiological stress responses, and found no effect on nestling survival. Three replicate measurements of the patagium thickness (±0.01 mm) were obtained with a digital spessimeter (Mitutoyo 7/547, Tokyo, Japan) before injecting 0.2 mg of PHA in 0.04 mL of saline solution. Three new measurements of the patagium thickness at the point of injection were obtained 24 h later. These three measurements were highly repeatable (pre-injection measurements: r = 0.9, F 174,350 = 36.3; post-injection measurements: r = 0.9, F 174,350 = 43.3; both P < 0.0001), so immune response was estimated as change in patagium thickness between average post-and pre-injection measurements, and within-nest means were used in analyses. Wing length was measured with a ruler (±1 mm) and tarsus length and body mass of all nestlings at 13 days of age were measured, as for adults; brood means were also used in analyses. Fledging success was estimated as number of fledglings (obtained by subtracting any dead nestling found when dismantling nests after fledging from number of nestlings present at nests at their 13 days of age) divided by number of hatchlings.
Statistical analyses
Overall, 59 nests were included in the experiment: 32 aromatic and 27 control nests. Sample sizes differ slightly between analyses because, due to weather or logistic constraints, in one aromatic nest nestling measurements could not be obtained, in one control nest blood-sucking flies could not be quantified at the nestling period, and in another control nest blowfly data were not obtained. In addition, in one aromatic nest the female escaped before weighing, and one control nest failed before nestlings were 12 days old.
The effect of treatment on abundances of nest-dwelling ectoparasites was investigated using a multivariate analysis of variance (MANOVA) with abundances of mites, fleas, and blowflies and its parasitoid as simultaneous dependent variables. The effect of treatment on abundances of blood-sucking flies was investigated using two repeated measures ANOVAs with either abundances of blackflies or biting midges (at incubation and nestling stages) as the repeated measures dependent variable. A MANOVA was also used to test for effects of treatment on nestling measurements and hatching and fledging success, with nestling tarsus length, wing length, body mass, PHA response, hatching success, and fledging success as simultaneous dependent variables. A repeated measures ANOVA was performed with female condition at day 3 and day 13 of nestling age as the repeated measures dependent variable. In all these analyses, treatment (aromatic or control nests), female age (yearlings or adults), and its interaction were included as fixed factors. Initial models included clutch size, laying date, and mass of plants added by birds as continuous predictors, and interactions between treatment and mass of plants, and between age and mass of plants. Female age, clutch size, and laying date were included given their potential effects on parasite abundances and breeding performance (Daunt et al., 2001; Møller and de Lope, 1999; Moreno, 1998; Potti and Merino, 1995) . Predictors were backward eliminated when not significant (starting with interactions), with the exception of treatment, which was maintained in the models as we were mainly interested in its effect. Non-significant terms were maintained if interactions including any of these terms were significant. In MANOVAs, when a main effect or interaction was significant, univariate F-tests were examined to identify the specific dependent variables that contributed to the significant overall effect.
All analyses were done with Statistica version 6 (Statsoft, Tulsa, Okla.). Abundances of parasites and mass of plants were logarithmically transformed (log 10 (x + 1) and log 10 (x + 0.001), respectively), and hatching (hatchlings/eggs laid) and fledging success (fledglings/hatchlings) were arcsine square-root transformed, to improve fit to normality. Residuals of the models were tested for normality. Values reported are means ± SE.
Results
1
Age distribution of females in aromatic and control nests did not differ (control: 12/27 adult, aromatic: 14/32 adult; Pearson x 2 = 0.0, P = 1.0). Laying date and hatching date did not differ between treatments, but adult females laid eggs earlier and consequently had earlier hatching dates (Table 1) . Clutch size, brood size, and mass of plants added by birds to the nest did not differ significantly between treatments and female age classes (Table 1) . was not significant for abundances of mites, blowflies and its parasitoid, and it was significant for abundance of fleas (adjusted R 2 = 0.2, F 5,51 = 4.6, P < 0.01).
significant interaction effect for abundance of fleas (F 1,51 = 10.9, P < 0.01, Fig. 2 ), so that abundance of fleas was negatively related with mass of plants in control nests, and not in aromatic nests. It also appeared that abundance of fleas was lower in aromatic than in control nests when birds added few plants to their nests (Fig. 2 , left side). Treatment had no effect on abundance of blackflies and biting midges (Tables 3 and 4) . Abundance of blackflies during nestling stage was larger in nests of yearling than in nests of adult females (Tables 3 and 4) , and increased from incubation to nestling stage, this increment being larger for yearling than for adult females (Table 4 and Fig. 3a) . The interaction between time (incubation vs. nestling stage) and clutch size (Table 4) indicated that clutch size was not related to abundance of blackflies during incubation and it was positively related during nestling stage. The interaction between time and mass of plants (Table 4) 45 (77.6%) nests. Blackflies were found in 10 (16.9%) nests during incubation and in 56 (98.2%) nests during nestling period, whereas biting midges were found in 22 (37.3%) nests during incubation and in 57 (100%) nests during nestling period.
Abundance of nest-dwelling ectoparasites showed a nonsignificant tendency to differ between treatments (Table 2), due to control nests having more fleas than aromatic nests (Table 3) . Interactions between treatment and age, and between treatment and mass of plants, were significant ( Table 2 ). The effect of the interaction between treatment and age was due to a significant interaction effect for abundance of fleas (F 1,51 = 7.8, P < 0.01, Fig. 1 ). Abundance of fleas in nests of yearling females showed a nonsignificant tendency to be lower in aromatic than in control nests Table 3 Mean ± SE number of mites, fleas, blowflies and its parasitoid, and blackflies and biting midges during incubation and during the nestling rearing period, in blue tit nests in relation to experimental treatment and female age. 
Aromatic plants and effects on nestlings and females
There was no significant effect of treatment, female age, mass of plants, or its interactions on nestling measurements and hatching and fledging success (MANOVA, Wilks A, all P > 0.2; Table 5 ). Fledging success was negatively related to laying date (F 1,54 = 12.9, P < 0.01).
The repeated measures ANOVA on female condition revealed significant effects of age and time, whereas treatment, mass of while it was positively related to abundance of blackflies during nestling stage (Fig. 4) . Abundance of biting midges during nestling stage was positively related to clutch size (F 1,53 = 5.4, P = 0.02, Table 4), was larger in nests of yearling than in nests of adult females (Tables 3 and 4) , and increased from incubation to nestling stage, this increment being larger for yearling than for adult females (Table 4 and Fig. 3b ).
Log (abundance of biting midges + 1) Table 4 Results of repeated measures ANOVAs to explore effects of experimental supplementation of aromatic plants (treatment) and female age on abundances of blackflies and biting midges in blue tit nests. Mean ± SE nestling measurements, nestling immune response, female body condition at days 3 and 13 of nestling age, and hatching and reproductive success for blue tit nests in relation to experimental treatment and female age. plants, or its interactions were not significant (Wilks A, all P > 0.2). Female condition decreased from day 3 to day 13 of nestling age (F 1,53 = 6.5, P = 0.01), while adult females had a better condition than yearling females at day 3 of nestling age (Table 5 ).
Discussion
We found a significant interaction between treatment and female age on abundance of fleas. In nests of yearling females, aromatic plants tended to reduce flea abundances, whereas this was not the case in nests of adult females. Dawson (2004) found that aromatic tree swallow nests had larger abundances of fleas than control nests. He also found that, considering only yearling females, hatching success was higher in aromatic than in control nests, a result that he attributed to unobserved parasites to which yearling females may be particularly susceptible. Our results suggest that treatment may be more beneficial in nests of yearling, inexperienced females, whereas it may be less beneficial in nests of adult females which may rely on other defences against ectoparasitism such as nest sanitation behaviours (Hurtrez-Boussès et al., 2000) . This differential effect of treatment between female ages may underlie the contradictory results found in the literature regarding effects of aromatic plants on abundance of fleas (Dawson, 2004; Shutler and Campbell, 2007) .
In line with this, we also found that female age was an important determinant of both blackfly and biting midge abundances, as shown by the significant interactions between time and female age on these parasites. Blackfly and biting midge abundances did not differ between female age classes during incubation, but both were significantly higher in yearling females than in adult females during nestling stage. Age has an important effect on overall reproductive performance, because in general, older individuals reproduce earlier in the season (Moreno, 1998; Perdeck and Cavé, 1992) and are of higher phenotypic quality, either by means of improvement through previous breeding experience or by means of selective disappearance of lower quality individuals (Verhulst and Nilsson, 2008) . Thus, female age may have had an effect on insect abundances due to differences in phenotypic quality, or to the observed delayed breeding of yearling females and the associated seasonal decline in reproductive performance. This latter possibility would not be supported by our results, since laying date was never retained in the models on parasites. Age of birds can be associated with intensity of ectoparasitism (Daunt et al., 2001; Møller and de Lope, 1999; Potti and Merino, 1995) . Our results indicate that age mediates the relationship between aromatic plants and abundance of fleas, and show that nests of adult birds are less parasitized by blood-sucking flies than nests of yearling birds. This latter result is noteworthy given the scant knowledge we still have on ecological interactions between these parasites and their hosts (Martínez-de la Puente et al., 2009b; Tomás et al., 2008a) .
Interestingly, we found that mass of plants added to nests by blue tits interfered in the detected relationships, because in control nests, a larger amount of plants added by birds was associated with lower abundances of fleas, whereas this pattern did not appear in aromatic nests. In addition, abundance of fleas was lower in aromatic than in control nests only when birds added few plants to the nest. Thus, experimental supplementation of aromatic plants allowed birds to maintain low abundances of fleas, irrespective of the amount of plants they added to the nest, while under natural conditions (i.e. control nests) only females that added large amounts of plants had low abundances of fleas. Mass of plants added by birds was apparently not affected by treatment or female age, but plants may be differentially added by birds depending on several factors, including parasite species involved. It should be noted that flea abundances were low in the study year as compared to a previous year (Tomás et al., 2007) . On the other hand, we found no effect of aromatic plants on abundance of mites and blowflies, in accordance with most studies to date (Brouwer and Komdeur, 2004; Gwinner et al., 2000; Mennerat et al., 2008; Shutler and Campbell, 2007) . We also found no effect of aromatic plants on abundance of a wasp parasitoid of blowflies, and thus the prediction that addition of aromatic plants may be a strategy of birds to attract parasitoids of nest ectoparasites (see also Dawson, 2004) is not supported by our results. We found no effect of treatment or any of its interactions on abundances of blackflies and biting midges, for both incubation and nestling stage. This result does not support the hypothesized role of aromatic plants in protecting incubating females (Banbura et al., 1995; Cowie and Hinsley, 1988; Lambrechts and Dos Santos, 2000) , or nestlings (Dawson, 2004; Lafuma et al., 2001; Mennerat et al., 2008; Wimberger, 1984) , from blood-sucking flies. It should be noted, however, that prevalence and abundance of these insects in nests during incubation were considerably low, and hence this result may be interpreted with caution. However, mass of plants added by birds to their nests was related to blackfly abundance, this relationship varying from incubation to nestling stage. While mass of plants was not related to abundance of blackflies during incubation, it was positively related to abundance of blackflies during nestling stage. This suggests that birds may use aromatic plants with a therapeutic role, adding more plants to their nests when parasite abundances are higher (Clark, 1991; Lozano, 1998) . Our results do not seem to support the drug hypothesis, as we found no effects of experimental supplementation of plants or of mass of plants added by birds on nestling measurements (including PHA response) or fledging success. We have measured only one aspect of immunity commonly estimated in ecological studies, so we cannot completely rule out that other branches of the immune system may be affected by treatment (Gwinner et al., 2000; Mennerat et al., 2009a) .
To sum up, our results indicate that female age has an important effect on abundance of blood-sucking flies and may mediate the effect of aromatic plants on nest-dwelling ectoparasites. Also, our study shows that mass of aromatic plants added by birds interacted with the manipulation, given the observed positive association between mass of plants and blackfly abundance during nestling stage, and the negative association between mass of plants and flea abundance in control nests that did not show up in aromatic nests. Thus, several factors such as female experience and their ability to add plants to the nest (together with variation in plant preferences and availability among areas; Mennerat et al., 2009b) need to be considered to properly understand the complex interactions governing effects of aromatic plants on different parasites in birds' nests.
